On the basis of all available data, it is found that intermediate water temperature on the 26.8-27.4σ θ isopycnals in the northwestern North Pacific has significantly increased during the past 50 years. The largest warming area exists in the western part of the Sea of Okhotsk with a 0.68
Introduction
It is known that North Pacific Intermediate Water (NPIW), characterized by a salinity minimum at 26.8σ θ , is a major water mass at the intermediate level of the North Pacific [e.g., Reid 1965] . Several studies have suggested that the ventilation source of intermediate water in the North Pacific, including NPIW, is the Sea of Okhotsk [e.g., Talley 1991; Warner et al. 1996] . Over the northwestern shelf in the Sea of Okhotsk, a large amount of sea ice is produced due to severe winds from northeastern Eurasia in winter. The sea ice production leads to production of cold, oxygen-rich dense shelf water (DSW) with densities of up to 27.0σ θ [Shcherbina et al. 2003 ]. The DSW is transported southward into the intermediate layer of the deep Okhotsk basin in the southern Okhotsk Sea, and mixed with intermediate water coming from the North Pacific. This mixing forms the coldest, freshest and oxygen-richest water in the North Pacific in the density range of 26.8-27.4σ θ [Talley 1991] , which is called Okhotsk Sea Mode Water [Yasuda et al. 1997] or Okhotsk Sea Intermediate Water (OSIW) [Itoh et al. 2003 ]. The signal of OSIW extends downward to 27.4σ θ owing to diapycnal mixing caused by strong tidal currents around the Kuril Straits [Wong et al. 1998 ].
The OSIW outflows to the North Pacific through the Kuril Straits, mainly Bussol' Strait [Talley 1991 
Data and Methods
Temperature, salinity and dissolved oxygen data were mainly taken from the World Ocean Database (WOD01) [Conkright et al. 2002] . In addition, we used observational data obtained by the Japan-Russia-United States international joint study of the Sea of
Okhotsk from 1998 to 2004 and data archived by the Japan Oceanographic Data Center.
We also used profiling float data obtained by the international [Talley 1991; Warner et al. 1998 ].
Data at discrete depths, mostly from bottle samples, were linearly interpolated to 1 m intervals, and then the values of potential temperature and dissolved oxygen were selected at 0.1σ θ intervals. We applied a quality control, resulting in a data set of ∼63,000 stations at 27.0σ θ in the northwestern North Pacific and the Sea of Okhotsk (35
For dissolved oxygen, the number of stations at 27.0σ θ was about 30% of that for temperature.
Since the seasonal variation is negligible in the intermediate depths, annual mean climatologies of potential temperature and dissolved oxygen were calculated on a 0.25
• latitude/longitude grid with a method similar to that by Levitus and Boyer [1994] . Since Itoh [2006] . The magnitude of the warming trend in the other two regions is about half of that.
We next examine the linear trend of dissolved oxygen content. For all three regions, significant negative trends are found (Figure 3b ). The decrease of dissolved oxygen is most prominent at 26.9-27.0σ θ , where the warming trend is most prominent (Table 1) .
At 27.0σ θ , the linear trend in the Sea of Okhotsk is -0.58±0.34ml/l (significant at 95% confidence interval) for the past 45 years. The Oyashio and SAC regions have the value less than that for the Sea of Okhotsk. It is noted that the oxygen trend difference between the Sea of Okhotsk and Oyashio regions is relatively small when compared to the temperature trend difference between the two regions. Table 1 , to which DSW is transported from the northwestern shelf [Fukamachi et al. 2004] . Therefore, we suppose that the main cause of the warming and oxygen-decreasing trends is the weakening of DSW production.
Although reliable estimation of DSW production is not yet available, there is some indirect evidence for a decrease trend in DSW production. Figure 4 shows the time series of surface air temperature anomaly in the cold season averaged over northeastern Eurasia, which is upwind of the Sea of Okhotsk; this air temperature can be an index of sea ice extent. This air temperature has increased considerably during the past 50 years (2.0±1.4
• C/50-yr, significant at 99% confidence level). Sea ice extent in the Sea of Okhotsk derived from satellite measurements, which is highly correlated with this air temperature (r=-0.61, significant at 95% confidence level), has decreased (-9.2%/27-yr) in the Sea of Okhotsk, show the decreasing trend of sea ice season length during the past 100 years [Aota 1999 ]. These trends of air temperature and sea ice season suggest that sea ice extent, accordingly sea ice production, have likely decreased during the past 50 years. During the current global warming, the surface air temperature anomaly in autumn and winter is particularly large over northeastern Eurasia [Serreze et al. 2000] .
The DSW production area of the northwestern shelf in the Sea of Okhotsk is located where the winter monsoon from northeastern Eurasia directly transports cold air masses. 
